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ABSTRACT
Aims. We report on spectrally dispersed interferometric AMBER/VLTI observations of the recurrent nova RSOph five
days after the discovery of its outburst on 2006 Feb 12.
Methods. Using three baselines ranging from 44 to 86m, and a spectral resolution of λ/δλ=1500, we measured the
extension of the milliarcsecond-scale emission in the K band continuum and in the Brγ and He I 2.06µm lines, allowing
us to get an insight into the kinematics of the line forming regions. The continuum visibilities were interpreted by
fitting simple geometric models consisting of uniform and Gaussian ellipses, ring and binary models. The visibilities
and differential phases in the Brγ line were interpreted using skewed ring models aiming to perform a limited parametric
reconstruction of the extension and kinematics of the line forming region.
Results. The limited uv coverage does not allow discrimination between filled models (uniform or Gaussian ellipses)
and rings. Binary models are discarded because the measured closure phase in the continuum is close to zero. The
visibilities in the lines are at a low level compared to their nearby continuum, consistent with a more extended line
forming region for He I 2.06µm than Brγ. The ellipse models for the continuum and for the lines are highly flattened
(b/a∼0.6) and share the same position angle (PA∼140◦). Their typical Gaussian extensions are 3.1x1.9mas, 4.9x2.9mas
and 6.3x3.6mas for the continuum, Brγ and He I 2.06µm lines, respectively. Two radial velocity fields are apparent in
the Brγ line: a ’slow’ expanding ring-like structure (vrad ≤1800km.s
−1), and a ’fast’ structure extended in the E-W
direction (vrad ∼2500-3000km.s
−1), a direction that coincides with the jet-like structure seen in the radio. These results
confirm the basic fireball model, contrary to the conclusions of other interferometric observations conducted by Monnier
et al. (2006).
Key words. Techniques: interferometric; Techniques: high angular resolution; (Stars:) novae, cataclysmic variables;
individual: RS Oph; Stars: circumstellar matter; Stars: mass-loss
1. Introduction
RSOphiuchi is a Symbiotic Recurrent Nova, a binary sys-
tem that comprises a red giant star (RG) and a white dwarf
(WD) of mass near the Chandrasekhar limit (see Hachizu
& Kato 2000, 2001, Shore et al. 1996, Bode 1987 and ref-
erences herein). RS Oph is famous due to its brightness
during outburst (mV∼4) and a short recurrence period of
about 20yrs. Historically, RS Oph underwent five outbursts,
in 1898, 1933, 1958, 1967, and 1985, with the light curves
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very similar to each other (e.g., Rosino 1987). Recurrent
novae are characterized by nova eruptions with a recur-
rence time scale from a decade to a century and a bright-
ness amplitude larger than 6 magnitudes, They show some
characteristic differences from classical novae (Starrfield et
al. 2000, Gehrz et al. 1998, Gehrz 1988): in particular very
short recurrence periods (∼ 102years compared to about
105 years for classical novae) theoretically require very mas-
sive white dwarfs close to the Chandrasekhar mass limit
(Hachisu & Kato 2001). If the mass of the white dwarfs in
recurrent novae is assumed to increase, they should even-
tually explose as a Type Ia supernova when they reach the
Chandrasekhar mass limit of about 1.38 solar mass but this
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hypothesis is still debated (Starrfield et al. 2004, Wood-
Vasey & Sokoloski 2006).
RSOph was discovered in outburst in 2006 Feb. 12.829
UT (defined as outburst time t0, Hirosawa 2006), having
undergone its last major outburst in 1985 (see Bode 1987).
A campaign was organized that incorporated observations
ranging from radio to X-ray wavelengths and an impressive
amount of data is being gathered, as is apparent from the
recently published papers (Hachizu & Kato 2006, O’Brien
et al. 2006, Sokoloski et al. 2006, Bode et al. 2006, Evans
et al. 2006, Monnier et al. 2006a, Hachizu et al. 2006, Das
et al. 2006a). In 1985, the radio interferometry technique
had reached the sensitivity and spatial resolution necessary
to get a picture of the ejection during the earliest stages
(Padin et al. 1985, Taylor et al. 1989, Lloyd et al. 1993),
and nowadays optical interferometry is mature enough to
provide complementary observations of this complex phe-
nomenon.
Some transient phenomena such as novae in outburst
have already been studied using optical interferometers
e.g. Nova Cyg 1992 (Mark III, Quirrenbach et al. 1993)
or recently V838 Mon (PTI, Lane et al. 2005a) and Nova
Aql 2005 (V1663 Aql, PTI, Lane 2005b). The Very Large
Telescope Interferometer (VLTI) offers the opportunity to
investigate the earliest stages of novae from the near-IR
with the AMBER instrument (Petrov et al. 2003) and the
mid-IR with the MIDI instrument (Leinert et al. 2003).
The current outburst of RS Ophiuchi has been followed by
four optical interferometers worldwide: IOTA, PTI, KI from
t=4 days to t=65 days (Monnier et al. 2006). We note that
these optical interferometers lacked spectral dispersion to
disentangle the continuum versus emissive line signals. We
present AMBER observations of RS Oph secured rapidly,
only 5.5 days after the outburst, in the K band with medium
spectral resolution (R=1500). The AMBER data provide
information on the global shape and for the first time, the
kinematics of the ejection in two lines, Br γ 2.17µm and
He I 2.06µm. The later AMBER observations, performed
in H and K bands at low spectral resolution are not pre-
sented here.
All the observations, from the X-rays to the radio do-
main suggest a complex ejection process, far from the sim-
ple view of a spherical ejection. We stress that the set of
interferometric observations presented here is limited and
it is not the scope of the paper to constrain the distance of
the object. We adopt hereafter the distance of 1.6kpc estab-
lished by the observations of the last outburst (Hjellming
et al. 1986, Snijders et al. 1987, Taylor et al. 1989) and
confirmed by the present ones (Bode et al. 2006, Sokoloski
et al. 2006, Hachisu et al. 2006b).
The paper is structured as follows. In Sect.2, we de-
scribe the AMBER observations and the data processing. In
Sect.3, we characterize the most striking features of the sig-
nal by performing a qualitative interpretation. The Sect.4 is
devoted to the quantitative interpretation of the absolute
visibilities from the continuum only, with simple models
limited to three free parameters. This section also includes a
discussion of the data obtained from quasi-simultaneous ob-
servations of the IOTA and Keck interferometers (Monnier
et al. 2006a). In Sect.5, an attempt is made to exploit the
rich and complex information of the spectrally dispersed
Brγ line by means of a family of parametric models shar-
ing spectrally independent properties: a continuum defined
in Sect.4 and narrow elliptical ’skewed’ rings for the line
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Fig. 1. Mean uv coverage over the time of observations
of the VLT baselines. The IOTA and Keck baselines are
also shown (Monnier et al. 2006). The projected baseline
of the Keck measurement is very close to the U14 baseline.
Note that the VLT and Keck observation were performed
in K band whereas IOTA ones were performed in H band,
leading to an increase of about 30% in spatial resolution for
a given baseline expressed in meter.
emission. The aim is to characterize further the kinematics
of the line, but this ’parametric imaging’ approach is by no
means a coherent model of the geometry and kinematics
of such a complex source. Lastly, in Sect.6 and Sect.7, we
conclude and discuss these optical interferometry observa-
tions in the frame of the expanding fireball model, relating
them to the large uv-coverage radio-interferometry image
secured at day 13.8.
2. Observations
The VLT telescopes UT1, UT3 and UT4 were used pro-
viding mean projected baselines of 86.1m (PA=4.5◦, UT1-
UT3, hereafter U13), 46.8m (PA=109.0◦, U34) and 87.0m
(PA=36.0◦, U14) over the time of observation (see uv-
coverage in Fig.1). The observations were conducted on
2006 Feb 18. (UT=7h, JD=2,453,784.38), i.e. at t=5.5 days
after the outburst. This corresponds to orbital cycle E=7.97
of Fekel et al. (2000) ephemeris: the red giant is at maxi-
mum radial velocity and is slightly in front. Only one triplet
of visibility measurements was recorded due to the unfa-
vorable position of the nova in the morning sky. Two data
sets were recorded: a high SNR record (10000 frames) cen-
tered in the Br γ 2.166µm line and the close-by continuum
(velocity range -8000/4000km.s−1) and a low SNR record
(30 frames) covering a larger spectral band from 1.95 to
2.28µm that includes two strong lines, the Brγ as well as
He I 2.058µm. The detector integration time was 50ms as
the seeing was good and the spectral resolution was 1500
(∆v = 200km.s−1).
For the data reduction, we used the software based on
the P2VM (pixel-to-visibilities matrix) algorithm (Tatulli
et al. 2006). Three spectrally dispersed visibility and
differential phase curves and one spectrum and closure
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Fig. 2. AMBER observables extracted from the data recorded the 2006 February 18: From top to bottom: 1) AMBER
spectrum of the Brγ (left) and HeI (right) lines. 2) Visibilities for the three baseline (upper line U34, middle U14, lower
U13). The mean continuum levels of the high SNR data (dotted lines) are overplotted for comparison. 3) Differential
phases (upper line U34, middle U14, lower U13). The U14 and U13 lines are shifted by 25 and 50 degrees, respectively.
The mean continuum levels (dotted lines, zero level) are overplotted for comparison. 4) The closure phase. The dotted
line emphases the zero level. All the curves result from the interpolation of the measurements by straight lines.
phase curve are derived. The visibilities were corrected
for atmospheric and instrumental effects using a calibrat-
ing star, ǫOph (G9.5III, mK=1.1, θ=2.92±0.03mas in
CHARM2 catalog Richichi et al. 2005, θ=2.94±0.08mas
from Richichi& Percheron 2005). For the science source,
the error budget includes for each observable the statisti-
cal noise of the observations, which is much lower for the
high SNR data compared to the low SNR ones, and for the
visibilities the bias from the estimation of the calibrator di-
ameter. The data for Brγ (high SNR record) and HeI (low
SNR record) are shown in Fig. 2.
The low SNR curves of Brγ (not shown) agree fairly well
with the high SNR ones, providing confidence in the HeI
results. In order to improve their quality, the low SNR data
were smoothed with a 9 pixels box, degrading the spectral
resolution to about R=500. The error bars in the closure
phase of low SNR data prevented the extraction of any
scientifically valid constraint on the object symmetry. The
Brγ line is dominantly triangular and peaks at about 4.3
times the continuum level. HeI is also triangular but its blue
side is more extended. The FWHMs (deconvolved from the
spectral resolution of AMBER) of Brγ and HeI are about
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1300km.s−1 and 1500km.s−1, respectively (see also Evans
et al. 2006, Das et al. 2006a).
3. Qualitative interpretation
In the results shown in Fig.2, it is immediately obvious that
the emission from the nova ejecta and environment are not
spherical. The continuum is well resolved and the baseline
U13 (Vcont=0.5±0.02) shows a visibility in the continuum
significantly smaller than baseline U14 (Vcont=0.64±0.04)
with a similar baseline length and a close PA. Moreover, the
visibility of the smallest baseline U34 (Vcont=0.72±0.03) is
very close to the visibility of U14, implying that a relatively
extended environment is seen in that particular direction
(∼110◦). Note that the level of the continuum visibilities
from 1.95µm to 2.25µm is apparently stable within the error
bars. The visibilities decrease strongly in the Brγ and HeI
lines and the hierarchy of visibility levels is kept through the
line, suggesting a similar geometry for the emitting regions,
but at larger scale.
An ’S-shaped’ signal can be seen in the U14 and U34
differential phase curves implying that the ejecta are clearly
split by the spectrograph between red and blue-shifted
motions at different sky positions. The extrema of the S
curves are determined by the maximum photocenter shifts
of the Brγ emission projected on the baseline directions.
The radial velocities of the extrema are - 567/661 and -
944/850km.s−1 for U34 and U14 respectively. A strong
phase jump (FWHM=500 km.s−1) that dominated the Brγ
phase signal of U13 and can be attributed to the crossing of
a null of the visibility curve. The null signature is shifted at
radial velocity - 220±90km.s−1 and seems to be mixed with
a low level (amplitude ≤10◦, from - 1500 to 1500km.s−1)
inverted S-shaped signal, probably responsible for the ob-
served shift. The baseline U34 (PA=110◦) shows an in-
verted S-signal with extrema reaching 2500km.s−1 suggest-
ing that fast material is seen in the East-West direction.
This signal is weak in the U13 and U14 baselines but is con-
firmed in the closure phase that exhibits a detectable asym-
metry at velocities reaching - 3000km.s−1. It is worth not-
ing that the high SNR continuum closure phases are close
to zero (0.0◦±2.3◦), implying that the continuum source is
centrally symmetric. Moreover, the integrated differential
phase from U14 and U34 over the Brγ line is very close to
zero. The spectrally unresolved Brγ emission is probably
centro-symmetric, but it is difficult to claim this with con-
fidence because of the strong phase jump of the phase from
baseline U13.
4. Model fitting: continuum
4.1. Spectrally dispersed AMBER/VLTI observations
We used simple uniform and Gaussian ellipses to fit the
continuum visibilities and also the visibilities in the line
center, for which the continuum contribution is at most
25% of the line flux. Taking into account the error bars
of the measurements, good quality fit parameters of the
models can be found in Table 1. For each model, there are
three visibilities and three free parameters: the major axis
diameter θa, the position angle and the eccentricity. The
striking result is the consistency between the angles derived
in the continuum and in lines, and their strong flattening.
The ratio of the minor and major axis of the continuum
and the Brγ line ellipses are equivalent (∼0.6) whereas the
one for the HeI line ellipse is smaller (∼0.52).
A binary model was also tested given the striking differ-
ences of visibility levels between the baselines and because
Monnier et al (2006a) have interpreted data on RSOph
obtained with several broadband optical interferometers in
terms of a binary model with moderate flux ratio (sepa-
ration 3.13±0.12mas, position angle 36◦±10◦, brightness
ratio 0.42±0.06). Their uv-coverage is very elongated such
that the parameters of the model are not well constrained.
The binary models in Monnier et al. were tested upon
the VLTI data. Good fits to all visibility amplitudes could
be found but the continuum closure phase measured by
AMBER was always inconsistent by more than at least 7σ
compared to the ones determined from a broad range of
parameters based on their binary model. Moreover, the al-
lowed binary parameters are also restricted by the weak
changes of the continuum visibilities from 1.95 to 2.26µm.
We do not think binary models are physically plausible
given the small fraction of the early outburst flux that is
expected to come from (or near) the secondary (see discus-
sion).
The continuum model is almost certainly centro-
symmetric. As a consequence, we restricted our interpre-
tation to the use of models derived from the single object
approach. An intermediate model that is also able to pro-
vide satisfactory fits is a ring model. Such a model is natu-
ral in view of the impressive radio image obtained with the
VLBA array at t=13.8d showing a moderately flattened
ring (O’Brien et al. 2006). However, this model is more
complex involving 4 parameters. In order to keep the model
simple, the width of the ring was kept fixed to 0.05mas. Due
to the large error bars of the HeI line data, several models
were possible and only the smallest extension was kept. The
best parameters are also included in Tab.1. Such a model
could help to explain some apparently contradictory mea-
surements in the frame of the ellipse modes between VLTI,
Keck and IOTA interferometers (see discussion).
4.2. Broad-band IOTA and Keck observations
The recording of a single triplet of observations prevented
us getting a clear image of this spatially complex outburst,
and we could try to include the data recorded by the Keck
and IOTA interferometers to improve the picture of the in-
frared source. Between t=4 and t=11 days, several triplets
of baselines were recorded with the IOTA interferometer
operating in H band. The nova is almost unresolved for the
smallest IOTA baselines and the information being mostly
carried by the longest ones (∼20m, PA ranging from 20◦ to
50◦). There is also a unique long baseline record from the
Keck Interferometer at t=4days, with a projected baseline
(B=84.1m, PA=40.3◦) very similar to our U14 one. Their
uv coverage is strongly biased toward the direction of the
minor axis of the ellipses presented in this paper although
the extension of their symmetrical Gaussian models is much
larger than the minor axis of the Gaussian fits. The Keck
visibility measured at t= 4days is 0.45+0.05
−0.06, to be com-
pared with the U14 continuum visibility of 0.64+0.03
−0.04 i.e.
about 40% larger. This discrepancy is larger than the er-
ror bars of the measurements and can, at least partly, be
attributed to the lack of spectral resolution of the Keck
measurement, for which the high level of continuum visibil-
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Model Uniform Ellipse Gaussian Ellipse Uniform Ring
Parameter PA Θ (mas) FWHM (mas) PA Θ (mas)
(degree) Major Minor Major Minor (degree) Major Minor
Continuum 2.13µm 142±5 4.9±0.4 3.0±0.3 3.1±0.2 1.9±0.3 143±5 3.7±0.3 1.9±0.2
Br γ 2.17µm 140±4 7.5±0.3 4.7±0.4 4.9±0.3 2.9±0.4 145±5 5.6±0.4 2.9±0.3
He I 2.06µm 140±8 9.5±0.7 5.0±0.9 6.3±0.6 3.6±0.8 177±15 6.8±0.7 3.2±0.5
Table 1. Results from the fit of the continuum and core of the lines by means of geometric model fits. Note that these
models are centro-symmetric and have a zero closure phase as observed for the continuum, but not for the lines. The
quoted errors are at the 1σ level.
ities and the lower level line signals are mixed. The Keck
observations were carried out with a K-band filter centered
at λ0=2.18µm with ∆λ = 0.3µm. An estimation of this
effect can be extracted from the low SNR data that cover
more than half of the K band (1.93-2.26µm), and include
three strong lines (Brγ, He I 2.058 and Brδ) that repre-
sent more than 25% of the flux in this band (see Fig.3).
Considering that the 2.25-2.33µm regions devoid of strong
emission lines and that the Keck observations were secured
slightly earlier than the VLTI observations, when the line
emission was lower, we can estimate the flux emission in
their band to about 20%. The mean U14 visibility over the
spectral range 2.03-2.33µm (taking into account the 2.26-
2.33µm continuum level) is 0.52 (20% lower than the contin-
uum value), and close to the Keck value. The discrepancy,
still above the upper value of the Keck estimated visibil-
ity (0.5), may be significant considering that the AMBER
observations were conducted when the source was slightly
more extended, 1.5 day after the Keck ones, and with a
longer projected baseline, implying that AMBER should
have observed a systematically lower visibility.
It must be stressed that the effect of the lines in broad-
band measurements depends in a complex manner on their
number, flux, on the position angle and projected length of
the baseline and indeed, on the (time variable) geometry
of the source. In our case, the mean U34 visibility is only
15% lower than the continuum one while the mean U13 vis-
ibility is more than 40% lower. The H band (λ0=1.65µm,
∆λ = 0.3µm) IOTA observations are also probably domi-
nated by the numerous Bracket lines merging to the Bracket
jump ( ontribution of at least 15-20% of the H band flux,
Das et al. 2006a). At the time of these observations, their
contribution must be accurately known and the extension
of their forming regions also. The longer IOTA baselines
(∼20m) are oriented roughly in the direction of the mi-
nor axis of our models (20◦-50◦) but the Gaussian FWHM
of 3.3mas deduced from the IOTA observations is longer
than the longer axis of our continuum ellipse or longer than
the minor axis of the Brγ one. Certainly the contribution
from the lines to the interferometric signal is important
and the picture of the explosion in the H band seems dif-
ferent from the one in the K band (see for instance Evans
et al. 2006, Fig.4). Without spectral resolution and with a
limited uv-plane coverage, the understanding of the visibil-
ities observed by optical interferometers for such a spatially
complex and time-variable source is problematic and it is
extremely difficult to merge the IOTA data with the others
in order to get a global picture of the infrared source.
Fig. 3. K band spectrum recorded by AMBER. The lines
contribute to more than 25% of the total flux in this spectral
band.
5. Model fitting: lines
To exploit further the extensive spectral information and
the differential phases recorded, we adopted a ’paramet-
ric imaging’ approach used on the good quality Brγ data
alone, and not on the low SNR data that include the HeI
line. Even though the visibilities of the low SNR data agree
well with the high SNR ones, the noise level in the differ-
ential phases is such that it is difficult to estimate their
true spectral shape. In each spectral channel through the
Brγ line, we first fit the visibilities with a model involving
the previously defined uniform ellipse for the continuum
(cf. Sect.4.1 and Tab.1) and an elliptical uniform ring for
the line emission. The continuum ellipse is the reference,
with differential and closure phases equal to null. Seven ob-
servables are used for the line fitting: the spectrum, three
visibilities and three differential phases. The closure phase
was not employed in the fitting process: it is by construc-
tion zero in the continuum model (as observed) and the
line center is dominated by the phase jump of baseline U13
corresponding probably to a null crossing that can hardly
be reproduced by our simple model. The flux of the rings
is determined by the line flux (i.e. normalized flux minus
one) of the observed spectrum. Some tests were performed
showing that the position angles and eccentricity of the
rings are predominantly found near the value of 140◦ and
0.6 (as for the continuum and center of the line fits reported
in Tab.1). These values were kept fixed during the fitting
procedure so that the continuum and rings share the same
position angle for the major axis and the same ratio be-
tween major and minor axis. The main free parameters of
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these ’axi-symmetric’ rings are their major axis and width.
The fits were performed empirically without using an auto-
matic convergence procedure, as they were providing too
much channel to channel instabilities. Consequently, the
proposed solution is by no means the unique and the best
one. The widths of the rings are poorly constrained: their
values were first chosen to slowly evolve between 0.8 mas
in the wings and 1.1 mas in the line core, but other solu-
tions can be found that were favored in the second step of
the fitting process to improve the fitting of the differential
phases. The range of major axis of the rings is 4.4-7.6mas,
in between the extrema values from the continuum and Brγ
line models of Tab.1.
In a second step, the differential phase information is
taken into account by modulating the elliptical ring bright-
ness as a function of azimuth by a sinusoid. The model is
no longer axi-symmetric, and new fits are performed using
the uniform ring models as a starting point. This method
is inspired by the ’skewed rings’ extensively introduced by
Monnier et al. (2006a). The result is an empirical 2D pro-
jected kinematical map (see Fig.5) that fits all the inter-
ferometric observables and perfectly accounts for the spec-
trum by construction (Fig.4). The additional parameters
are the amplitude of the modulation (’skew’ in Monnier et
al. 2006a) and the position angle of the modulation (’skew-
PA’). A fit of the ring parameters is performed for each ve-
locity interval and the resulting parameters are convolved
with the spectrograph resolution (3 pixels).
The skew-PA was well-constrained by the differential
phases and only a small range of angles could account for
the three differential phases simultaneously. The ’skew’ was
much less constrained due to some degeneracy with the size
and thickness of the rings: this parameter controls the am-
plitude of the phase signal, weighted by the line contribu-
tion normalized to the continuum. In the example shown in
Fig.4 and 5, the skew was limited to 0.3 from 3050km.s−1
to -215km.s−1, and then increases steadily to reach 0.8 for
channel - 3050km.s−1 in order to account for the strong
phase effect still seen at this velocity whereas the line flux
represents less than 5% of the continuum flux. The lim-
its of this simple approach are rapidly reached. The ’skew’
necessary to account for the data was close to 1 for these
particular channels (- 3050km.s−1 and beyond) and the fit
of the differential phase of baseline U34 was not satisfac-
tory. At these wavelengths, the line contribution is less
than 10% of the continuum, but the interferometric sig-
nal is still large. This is an indication that the ring model
is probably inadequate. The line emission, at the origin of
the large photocenter shift witnessed by the baseline U34
is probably located farther than the spatial limits of the
ring imposed in our model and should be replaced by a
point or a jet-like feature off-centered at PA=270◦. This
is also probably true for the channel 3050km.s−1 but this
is less visible in our data. Furthermore, the strong phase
jump seen in the U13 baseline data is not accounted for di-
rectly with this simplistic model. Nevertheless, the model
is able to reproduce the global level of the observed visibil-
ities and differential phases. This model confirms the qual-
itative interpretation previously presented. Two expanding
velocity fields are present, a ’slow’ one between -1800 and
1800km.s−1 and a ’fast’ one, between -3000/-1800km.s−1
and 1800/3000km.s−1. The slow velocity field is modeled
with rings of moderate skewness and slowly changing skew-
PA that are needed to account for the difference of the
Fig. 4. Example of the fit of the visibilities (upper panel)
and differential phases (lower panel) with the skewed ring
models (see text and Fig.5). The fit was performed in two
iterative steps. First, the visibilities are fitted using the uni-
form continuum and a ring for the line whose flux is pro-
portional to the line emission at the considered spectral
channel. In a second step, a sinusoidal perturbation of the
ring emission (the skew) is introduced to modulate the dif-
ferential phase of the model. The process is iterated several
time. The smoothest solution were favored but the data are
obviously more rich, evidencing the complex geometry and
kinematics of the source.
velocity of maxima of the S-shaped phases (skew-PA from
55 to 110◦, modulus 180◦). The phases are probably ac-
counted for by a model of a ring-like structure in expan-
sion, that may correspond to the equatorial structure of
the model from O’Brien et al. (2006, their Fig.4). Beyond
1800km.s−1, the fast velocity field is required to explain
the flip of the differential phases. Since the signal is dom-
inantly carried by the U34 baseline, the skew-angle of the
fast component is well defined in the East-West direction
(skew-PA=90-270±5◦, stronger skewness). The geometry of
this fast component differs significantly from the slow one
and is not less convincingly accounted for within the frame
of our model.
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Fig. 5. Parametric model of the data involving a uniform ellipse for the continuum (left, the size of the major axis is
4.9mas, other parameters can be found in Table.1) and a ’skewed ring’ that account for both dispersed visibilities and
differential phases (other panels, the continuum ellipse is not shown but taken into account in the calculations). The
labels are expressed in km.s−1. The images at each velocity channel are normalized and do not reflect the relative fluxes
in the different velocity channels. The number of images shown is limited: there are about 80 visibility measurements in
the Brγ line and 35 independent spectral channels.
6. Discussion
6.1. An expanding fireball seen by AMBER
Thanks to the long baselines of the VLTI and the spectral
resolution of AMBER, we were able to present an approx-
imate picture of the outburst at day 5.5. An expanding
fireball is seen, in the continuum and also in the lines. The
lines form a kind of Stro¨mgren sphere, the Brγ line form-
ing region is less extended than the He I 2.06µm one, and
about twice as large as the continuum forming region. The
physical mechanism for the formation of the He I 2.06µm
(21S-21P) line depends on the level of ultraviolet continuum
from the nova, the optical depth of the He I 585A˚ (11S-21P,
hν ∼ 21ev) line, the decay of higher 1D levels, and also on
the helium abundance in the ejecta (cf. Shore et al. 1996,
Anupama et al. 1989, Evans et al. 1988, Whitelock et al.
1984). The level of the line flux and its spatial extension
imply that the line is formed in or even beyond the fastest
ejecta in an optically thick layer illuminated by the strong
UV flux from the outburst. It must be noted also that the
VLTI observations were performed close to the end of the
phase of the outburst dominated by the ejecta, estimated at
about t=5-6 days (Sokoloski et al. 2006, Bode et al. 2006,
Das et al. 2006a), after which the shock velocity declines
rapidly. At that time, the swept up mass is equivalent to
the ejected shell mass.
The closure phase measured in the continuum with the
44m to 86m baselines excludes the Monnier et al. binary
model for the earliest stage of the outburst, when the K
band magnitude is still in the order of 4-5, i.e. 2.5-1.5 mag-
nitude brighter than the system magnitude at quiescence
(Evans et al. 1988). The closure phase value, very close
to zero, implies that the continuum emission is centrally-
symmetric. It must be stressed however that any model
involving a binary component will be appropriate as soon
as the near-IR flux is no longer dominated by the ejecta i.e.
when the flux from the red giant is a non-negligible frac-
tion of the total flux of the system. In the Hachisu & Kato
(2000, 2001) model, the irradiated face of the red giant and
the accretion disk have to be taken into account from days
4 after outburst, near our time of observation, mostly to ac-
count for the UV and optical fluxes. As the ejecta expand
rapidly, several effects arise: their flux drops and their cor-
related flux (i.e. the flux detectable by an interferometer)
drops also due to the large extensions reached (18mas at
day 25 at 1000km.s−1 and assuming D=1.6kpc). However,
at day 5.5 the K band magnitude was about 3-3.5 (Evans et
al. 1988) bearing in mind that the magnitude of RSOph at
Fig. 6. Sketch of the near-IR ellipses extensions compared
with the radio structure observed at t=13.8d (thick ex-
tended ring, O’Brien et al. 2006). The continuum ellipse
is delimited by the solid line, the ellipse that corresponds
to the core of Brγ by the dotted line and the one corre-
sponding to the core of HeI by the dashed line. The small
dotted line delimit the Brγ ellipse scaled at t=13.8d. North
is up, East left.
quiescence is 6.5 (flux that can be almost fully attributed
to the red giant). It is hard to conceive that the near-IR
flux was distributed such that 40% originates in the vicinity
of the red giant as in the model of Monnier et al. (2006).
The alignment of the continuum and line main direction in
the frame of the ellipse models is a further argument for an
expanding fireball.
6.2. Comparison with radio observations
A good complement to this optical interferometry study is
the spatially resolved radio-interferometry map obtained at
t=13.8 day (O’Brien et al. 2006), shown in Fig.6 together
with the best uniform ellipse models. In the ellipse interpre-
tation, the K band continuum and line emission are highly
flattened and oriented in the same direction, at ∼135◦. This
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particular direction has never been reported in the litera-
ture (mostly radio observations) and is in contrast with
the radio image, dominated by an almost circular structure
extended slightly N-S, significantly brighter on its eastern
side. 1. Their interpretation is that this is the waist of a
bipolar structure extended E-W and tilted at an angle 20-40
degrees to the line of sight. The angular diameter of the ra-
dio structure at t=13.8d is 17mas, scaling down to 6.8mas
at t=5.5 d. This value is close to the Brγ line extension, and
is smaller than the HeI one. On the one hand, the expansion
velocity |vexp| of the radio ring was determined precisely to
1730 km.s−1 from North-South flux slices (O’Brien et al.
2006, Fig.2). This value is within the range of radial veloc-
ities of our ’slow’ velocity field |vrad|
2. One the other hand,
the radio flux seen at t=13.8 day is a simple structure lo-
cated in the equatorial plane of the system: the fact that
we see the ’fast’ velocity field in the Brγ line implies that
the interferometer sees a more complex structure projected
on the sky not limited by the equatorial emission. This is
probably also true for the continuum emission (Evans et al.
1988, Evans et al. 2006). In the frame of the ejection model
from O’Brien et al. this means that both the equatorial
waist and the bipolar lobes may contribute to the shape
inferred from AMBER data result. As a consequence, it is
not surprising that the global shape and position angle of
the near-IR source seen by AMBER differ from the radio
one.
The radio ring is rather clumpy and dominated by a few
bright structures. In particular, the direction of the bright-
est radio clumps (PA∼110-150◦) coincides with the direc-
tion of our correspondingly more flattened K band contin-
uum, Brγ and HeI structures. The origin of such an asym-
metry could tentatively be questioned as the effect of par-
ticular configuration of the WD and the RG at the moment
of outburst. However, based on the ephemeris of Fekel et
al. and assuming a line of nodes at PA∼177◦ (Taylor et
al. 1989, O’Brien et al. 2006), the position of the red giant
should be close to PA∼150-170 at phase 0.97. It is obvious
that at least a strong perturbation of the flow at t=5.5d
is encountered near the red giant photosphere that has po-
tential effects, especially in the near-IR. The WD-RG sep-
aration is typically 1mas (assuming D=1.6kpc), and the
red giant diameter 0.4 mas: seen from the ejection center,
the covered angle is about 15-30◦. At t=5.5d, the K band
emitting ejecta spanned about 2 times the WD-RG distance
and probably kept a strong signature of the perturbation
by the RG, which should eventually dilute as the ejecta
expand. This signature may also be imprinted in the earli-
est high resolution radio images. Finally, the E-W direction
of the fast Brγ emitting regions seen with our differential
phase coincides with the direction of the jet-like structure
developing in radio images at day 21.5 and after, but the
near-IR radial velocities are about two times slower than
the apparent motion of the structure in the radio.
1 The ratio between the E-W minor and N-S major axis sug-
gests an inclination of ∼35-40◦
2 Note that if the velocity field was purely in the equatorial
plane, then the maximum radial velocity observable should be
around 1400km.s1. This is in agreement with the radial position
of the peaks of the S-shape differential phase ranging from 600
to 1500km.1 tracing the bulk of the emission from this structure
(cf. Sect.3).
7. Conclusion
We have reported the early near-IR AMBER interferomet-
ric observation of the outburst of RSOph, a spectrally im-
pressive but spatially limited dataset from the point of
view of image reconstruction. These observations performed
5.5 days after the outburst provided an estimation of the
extent of the continuum, Brγ and He I 2.06µm forming re-
gions and some physical constraints on the ejection process
as seen in the near-IR. The global picture that emerges in
view of the consistency between the shape of the continuum
and line forming regions, despite various physical process
at their origin, is a non-spherical fireball at high-velocity
expansion. Our results represent a good complement of the
extensive radio, infrared and X-ray observations.
In order to study carefully fast evolving events like nova,
supernovae, and other kinds of outbursting sources, we have
shown that it is critical that spectral and imaging capa-
bilities must be available simultaneously. The uv coverage
has to be such that a good picture of the ejection must be
recorded in one-two nights at most and a minimum spectral
resolution is mandatory to, at least, isolate the line signal
from the continuum one. This difficult task can potentially
be achieved with the current capabilities of the AMBER
instrument, but it fits more easily the goals of the second
generation NIR and MIR VLTI instruments under study,
able to recombine light from at least 4 telescopes.
The near-IR picture of RS Oph evolves in a complex
way: it is a mix of increasingly extended ejecta emitting a
continuum and also many lines whose fluxes decrease with
time, and a very compact source (at the assumed distance of
1.6kpc) that becomes dominant during quiescence. In order
to develop models of the nova outburst, it is of prime im-
portance to constrain further the fundamental parameters
of the system, in particular its distance, inclination and pa-
rameters of the orbit in the plane of the sky. This can only
be achieved by optical interferometers and we advocate a
monitoring of the system by the VLTI in the course of the
orbital period of 455 days, that should provide an accu-
rate determination of the component masses. This implies
to use the longest VLTI baselines available with the UTs
(100-130m) in the J and H band preferentially, with the low
resolution mode (R∼30). With this range of baseline, the
individual components of the system can be considered as
unresolved by the interferometer. Such a study is possible
now that the red giant signature is visible again through
the CO signature in the K band as observed by Das et al.
2006b at t=243 days.
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